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A Study of Brown Glass Milk Bottles With Special 
Reference to Their Use in Preventing Ab~ 
normal Flavors Due to Light 
By B. W. Hammel' and W. A. COl'des 
Brown glass milk bottles have been occasionally used in the 
rr.ilk industry, especially for the delivery of buttermilk. With 
this product they have apparently been employed for two very 
different reasons. Some dealers have selected them because 
the color eliminates the error of delivering buttermilk for sweet 
milk. Others have used brown bottles because the color prevents 
the detection of "wheying off" without a rather careful exami-
nation; their use for this purpose should of course give way 
to an improvement in the quality of the product. 
The objection to the use of brown bottles for sweet milk is 
that the cream line and the amount of sediment in the milk 
cannot be seen. The failure to see a cream line is a disadvantage 
in the case of nearly all purchasers, while the lack of opportunity 
to examine for the amount of sediment is a disadvantage only 
with the discriminating buyers. 
The use of brown bottles for milk involves considerations 
other than those mentioned, and the data herein reported were 
secured with the idea of getting definite information on the 
f.-ffect on flavor, color and bacterial content. 
METHODS USED 
The brown bottles used were of brown glass and of essentially 
the same size and shape as the ordinary milk bottles employed, ex-
cept in a few instances where the brown bottles were being tried 
Gut for the prevention of tallowiness and where the questions of 
tf:mperature and bacterial content were not involved. All of 
the bottles and caps used were sterilized. 
The bacterial counts were made by the plate method. The 
medium used was varied, both beef extract and beef infusion 
agar being employed, but comparative counts were always made 
with the same medium. The plates were incubated at 37°C. 
for 48 hours and were poured in duplicate, so that the results 
represent the average of two plates, except in a few cases where 
one plate was accidentally lost. In some instances the plate 
counts were checked with the direct microscopic count in order 
to be certain that some type of organism incapable of growth on 
the plates was not present in large numbers . 
Acid determinations were made by titrating 5 or 10 cc. of the 
milk with N/ 10 alkali and calculating as the percent lactic acid. 
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The temperature of the milk in bottles which were to be kept 
free from contamination, was obtained by pouring out a part 
of the milk and taking the temperature at 'once. While with 
this method there was undoubtedly a slight warming of the 
milk, it was considered sufficiently accurate for the results de-
sired. In other trials the temperature of the milk wa secured 
by keeping in the milk a thermometer that had been forced 
thru the paper cap. The temperature of the air was taken by 
exposing a thermometer beside the milk; while this method would 
not give an accurate air temperature, it seemed advisable from 
the standpoint of the results desired. 
RESULTS OBT A/NED 
THE INFLUENCE OF SUNLIGHT ON DAIRY PRODUCTS 
The influence of sunlight on butter and butter fat is well 
known. [Browne (1), Orla-Jensen (4), Hunziker and Hosman 
(3) ]. 
In a study made several years ago of the market milk supplies 
of a number of Iowa cities, an abnormal flavor suggestive of 
the tallowy flavor of butter was occasionally observed. The 
flavor could readily be produced in normal milk by allowing 
it to stand in a glass container (such as·a bottle or Petri dish) 
exposed to the sunlight for a comparatively short time. In 
many trials in which the tallowy flavor was produced in milk 
in this way, another portion of the milk in a brown bottle stand-
ing in the sunlight failed entirely to develop this flavor; placing 
the milk in an ordinary glass bottle inside a metal or other con-
tainer and thus keeping out the sunlight also prevented the de-
velopment of tallowiness. 
Many of the samples of milk in which a tallowy flavor had 
developed showed very low bacterial counts. The use of effi-
ciently pasteurized milk gave assentially the same development of 
tallowiness as did raw milk. The season of the year had 
very little influence and it was possible to develop a tallowy 
flavor in milk by exposing it to sunlight during the coldest 
winter weather when the growth. of micro-organisms was inap-
preciable during the period of exposure. The results obtained 
seemed to justify the conclusion that bacteria were not involved 
in the production of the tallowiness. 
The influence of sunlight on the flavor of ice cream was ob-
served in an experiment carried out for an entirely different 
purpose. A slice of ice cream was placed on a window ledge on 
a day sufficiently cold to keep the ice cream firm. After an ex-
posure of one hour, which happened to be to direct sunlight, 
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the ice cream was definitely tallowy and this flavor became more 
pronounced with an increase in the time of exposure. 
Cream was tried out and found to develop a tallowy flavor on 
exposure to sunlight. The tallowiness developed in both raw 
and pasteurized cream, but was not evident as quickly as in 
milk. Brown bottles effectively prevented the development of a 
tallowy flavor in cream. 
Evaporated milk developed an abnormal flavor on exposure 
to sunlight but it could not generally be described as tallowy. 
The abnormal flavor was evident when the evaporated milk 
was transferred from the cans to the glass containers aseptic-
ally and kept in a sterile condition during exposure. It did 
not develop as rapidly as tallowiness dev-eloped in milk, but the 
time required seemed to be shortened by diluting with water. 
The abnormal flavor could be prevented by the use of brown 
tottles. 
Closely skimmed milk rapidly developed an abnormal flavor 
Gn exposure to sunlight, but it was not tallowy. vVhen skim 
milk contained considerable amounts of fat, a definite tallowiness 
was evident after exposure. Brown bottles prevented the ap-
pearance of abnormal flavors in skim milk. 
Starters are commonly held out of doors during the cold weath-
er when they are not to be transferred at once. Starters held in 
this way in the sunlight were examined and found to have de-
veloped abnormal flavors, which were sometimes tallowy and 
sometimes not, presumably depending on the amount of fat 
present. 
Exposure to sunlight apparently results in the development 
of abnormal flavors in a variety of dairy products. These ab-
normal flavors are usually definitely tallowy, but in some prod-
ucts, such as evaporated milk and skim milk, they cannot always 
be so described. Brown bottles definitely prevent the develop-
IL.ent of abnormal flavors in the liquid products, at least. 
INFLUENCE OF BROWN BOTTLES ON THE TEMPERATURE 
OF MILK 
In the comparison of milk exposed to sunlight in brown bot-
tles with milk from the same lot exposed in ordinary bottles, 
it was observed that the former was always perceptibly and 
often considerably warmer than the latter. Accordingly, ex-
[osures were made in which the temperature of the air, the 
temperature of the milk in the brown bottles and the tempera-
tue of the milk in the ordinary bottles were taken at various 
times. A portion of the results (some obtained in summer and 
some in winter) sufficient to show their general trend, is given in 
table 1. 
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TABLE I-INFLUENOE OF BROWN BOTTLES ON THE TEMPER-
ATURE OF MILK 
0 
Z 
0; 
.;: 
E-< 
12 
15 
17 
19 
Date 
6- 28 
6-8 
6-29 
7-11 
12-2 
12-5 
12-11 
Hour 
8:00 A. M. 
9:00 A. M. 
10:00 A. M. 
11:00 A. M. 
12:00 M . 
1:00 P. M. 
2:00 P. M. 
3:00 P. M. 
5:00 P. M. 
8:()0 A. M. 
9:00 A. M. 
10:00 A. M . 
11:00 A. M. 
12:00 M. 
l:D() P. M. 
2:00 P. M. 
4:00 P. M. 
5:00 P. M. 
8:30 A . M. 
9:30 A. M . 
10:3() A. M. 
11:3() A. M. 
12:00 M. 
1:0() P. M . 
2:00 P. M. 
3:00 P. M. 
4:0() P. M. 
5:00 P. M. 
9:00 A. M. 
11:00 A. M. 
1:00 P. M. 
4:00 P. M. 
4:40 P. M . 
9:15 A. M. 
11:15 A. M. 
1:15 P. M. 
3:15 P. M. 
4:3() P. M. 
8:30 A. M. 
10:30 A. M. 
. 1:00 P. M . 
3:0() P. M. 
4:3() P. M. 
Air Temp. 
(Centigrade) 
24.5 ° 
26.5 ° 
28.() 0 
27.0° 
28.0° 
29.() ' 
30.0 ° 
31. 5 ' 
3().0 ° 
24 .5 ' 
26.5 ' 
26.5 ° 
27.0° 
28 .5' 
30.5 ° 
30 . 5° 
33.0 ° 
33. ()O 
30.0 ° 
33.5 ° 
34.0 ° 
34.5 ° 
34.5 ° 
34.5 ° 
36.5 ° 
39Y 
40.0° 
39. ()O 
4.5 ° 
10.7° 
9.2 ' 
5.2 ° 
4.1 ° 
3.2° 
13 .7° 
19.2° 
18.0° 
9.9° 
3.8 ' 
8.0 ° 
9.6 ° 
8.6 ° 
5.0° 
Temperature of Milk in 
Ordinary 
Bottle 
° 17.5 
25.5 ° 
30.0° 
30 .0 ' 
30 .()0 
30.5 ° 
31. 5° 
34.5 ° 
39 .5 ° 
26.5 ° 
26.5 ° 
27.0 ' 
27.5 ° 
28.0° 
31. 5 ' 
32.0 ° 
36.0° 
36.5 ° 
21.5 ° 
33.5 ° 
39.5 ° 
38.5 ° 
38.5 ' 
40.0° 
41.0° 
41. 5° 
45.0° 
46.5 ' 
16.4 ' 
17.4° 
18.5° 
18.0° 
13.5 ' 
16.7° 
20.9 ° 
24.8 ° 
20.3 ° 
24.7 ° 
16.9° 
19.6° 
18.3° 
14.3 ° 
I 
Brown 
Bottle 
, 17 .5 
30.0 ° 
34 .5 ° 
M .O ° 
04.0 ° 
34.0° 
85.0 0 
39.5 ' 
46.0° 
26.5 ° 
27.0° 
28.5 ° 
29.0° 
30 .0 ' 
35.5 ° 
34.5° 
40.0 ° 
41.0 ° 
21.5° 
37.0 ° 
45.0 ' 
42.0 ' 
42.0 ° 
43.0 ' 
44.0° 
45.0° 
50.0 ° 
52.0 ° 
16.4° 
21. 5 ° 
23.4 ° 
23.0 ° 
18.0 ° 
19.5° 
26.1 ° 
31. () O 
25 .4 ° 
24.7 ° 
20.2 ° 
24.1 ° 
22.6 ° 
17.0° 
These data show that the milk in the brown bottles was usually 
several degrees higher in temperature than that in the ordinary 
bottles, and that both were higher than the recorded tempera-
ture of the air. The differences between the temperature of the 
air and that of the milk in the ordinary bottles, and between 
that of the milk in the ordinary bottles and that in the brown 
bottles, were generally greater in winter than in summer. In 
summer the greatest differences between the air and the milk 
commonly occurred late in the afternoon, while this was not 
generally true in winter. The results show that milk in bottles 
exposed to the sunlight is higher in temperature than the air 
and that the milk in brown bottles is considerably higher than 
that in ordinary bottles. 
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INFLUENCE OF BROWN BOTTLES ON THE BACTERIAL 
CONTENT OF MILK 
The higher temperature of the milk in the brown bottles 
as compared with that in the ordinary bottles would be expected 
to result in a higher bacterial content of the milk in the former. 
Accordingly, trials were made in which the milk was plated 
when received and again, for comparison, after exposure to the 
sunlight, in brown and in ordinary bottles. A portion of the 
rEsults secured is presented in table II. 
rrhe data show that much higher bacterial counts were ob-
tained with the milk exposed in brown bottles than with that 
exposed in ordinary bottles. The higher temperature of the milk 
in the brown bottles is undoubtedly one of the factors causing 
the difference, but in general this difference seems to be too 
great to be accounted for by the general variations in tempera-
ture recorded in table I, and an examination of the comparative 
temperatures in individual cases supports this conclusion. The 
results suggest that the sunlight has some influence on the bac-
teria in milk exposed in ordinary bottles; this point will be 
discussed later. 
INFLUENCE OF BROWN BOTTLES ON THE DEVELOPMENT OF 
ACID IN MILK 
The increased activity of the organisms in the milk in brown 
bottles would be expected to result in a more rapid acid develop-
ment than in milk from the same lot exposed in ordinary bottles. 
TABLE II-INFLUENCE OF BROWN BOTTLES ON THE BACTER· 
IAL CONTENT OF MILK 
, 
_ 0 0 Bacterial Count per cc. 01" ....,...., after exposure in cr~ ~ 00'0 .<:: 
Trial No. Date ::iB A 5 ~~ Ordinary 
I 
Brown 
.- c.;,..;...> 00" 
I 
" 01" p:j 0." Bottle Bottle Hill§; ~Ul 
U >'il 
1 6-9 14,OO() 2 17,000 I 15,000 7 70,000 820,OO() 3 6-14 16,05() 4 28,500 99,500 
9 I 106,000,000 
4 6-16 13,500 8 95,000 I 2,415,000 5 6-19 7,200 7 1,28(1,000 36,500,000 
8 113,500,000 
6 6-26 125,500 5 1, 825,000 10,65(),000 
13 11-27 37,000 8 25,000 2,36(),000 
14 11-29 24,900 7 690.000 6,300,000 
15 12-2 28,500 8 1(10,000 1,515,000 
16 12-3 83,500 7 105,000 8,150,000 
17 12-5 900,000 7 1,350,000 25,000,000 
18 12-6 19,900 8 12,250 
I 
51,000 
19 12-11 45 ,500 8 59,000 3,6()0,000 
22 12-16 24,400 7 61.500 204,500 
23 3-19 26,500 ~ 135,000 
I 
1,665,000 
24 3-21 98,000 8 165.()00 38,100,000 
25 3-26 65,00'0 8 119,000 65,000,000 
In many of the comparisons made between brown and ordinary 
bottles, there was no increase in acidity in either, but in some 
of those made during the warmer months there was a definite 
acid development. Table III gives some of the increases ob-
s8rved and the results show that in general there was a greater 
increase in acidity in the brown bottles than in the ordinary. 
In trials 11 and 12, the milk in the brown bottles showed a 
slightly lower acidity after an exposure of nine hours than did 
that in ordinary bottles. The reason for this is undoubtedly 
that the temperature of the milk in the brown bottles was too 
high for maximum bacterial growth, since it reached 49.5°C. in 
trial 11 and 52°C. in trial 12. 
TABLE III- ACIDITY (CALCULATED AS PERCENT LACTIC ACID) 
PRESENT IN MILK IN ORDINARY AND BROWN BOTTLES 
EXPOSED TO THE SUNLIGHT 
P ercen t of A cidity after Exposure of about 
2 hours \ 4 hours I 6 hours I 9 hours ~o Ordinary I Brown \Ordina r y / Brown [Ordinary! Brown lordinary ! Brown 
f:-iZ . Bottle I Bottle Bottle Bottle I Bottle Bottle I Bottle Bottle 
2 
\ 
.17 .17 I .17 . 19 I . 17 .27 I .25 .46 3 .16 .16 
I 
. 16 .16 
I 
.16 .17 .16 .20 
5 .16 .16 . 16 . 16 .16 .16 
I 
. 16 .18 
6 .14 .14 .14 .14 .14 .16 .14 .20 
8 .17 . 17 .17 .20 .19 .24 .28 .41 
10 .16 .16 
I 
. 16 .16 I .19 .20 I 11 .18 .18 . 19 .20 .23 .23 .40 .39 12 . 15 . 15 .15 .15 I .16 .17 .21 .20 
INFLUENCE OF LIGHT ON THE BACTERIAL CONTENT OF MILK 
EXPOSED IN ORDINARY BOTTLES 
The suggestion has already been made that light has some 
influence on the bacteria in milk exposed in ordinary bottles, 
because the difference between the bacterial content of milk 
exposed in ordinary bottles and that exposed in brown bottles 
seems to be too great to be accounted for by the difference in 
temperature alone. This point was studied by filling two or-
dinary bottles with milk from the same lot, exposiug one to 
the sunlight and holding the other beside it in a metal container 
tc protect it from the light; the bacterial content and the tem-
perature of the two lots of milk were determined at various 
times. 
The results secured are given in table IV, the milk held in the 
metal container being marked unexposed. The data show that 
the exposed milk had a lower bacterial count than the unexposed 
in all cases, altho in the great majority of comparisons the tem-
perature of the milk in the exposed bottle was higher. In a 
number of the trials (Nos. 43, 44, 50, 54, 61 and 65), the bac-
terial content of the exposed milk was lower than it was before 
TABLE IV-TEMPERATURE AND BACTERIAL CONTENT OF MILK EXPOSED TO SUNLIGHT AND OF MILK 
FROM THE SAME LOT UNEXPOSED 
Temperature of Milk after about 
'" 
Final Bacterial Counts per cc. in 
~ 2 hours I 4 hours I 6 hours I 8 hours E Exp. 0 
...... ·~~CS Exp I Unexp·1 Exp. I Unexp./ Exp I Unexp· 1 Exp. /Unexp. 8 U nexp. Z 
~ 
·~t;: Q 
I I I I I I I ~~ :aCljg~ .;: ., P1 UP; ~~ H 
43 4,850 
I I I I i 
I 
4.0 I 4.4 8 hrs. 3,900 8,200 
44 17,200 21.6 17. 5 21.1 16 .2 14 .5 I 12.3 8 hrs. 4,650 23,650 48 20,600 24.0 
1\ 
22.0 / 25.5 21.5 / I 
7 hrs . 1~6,500 502,000 
49 355,000 
I 
25.5 23.8 
\1 
24.5 21.8 
\ 
21.2 20.2 8 hrs. 920.000 3,150,000 
50 910,000 5.6 9.0 11 .0 7 .5 7 hrs. 485.000 1,195,000 
52 31,50~ 23.5 I 20.4 8 hrs. 90,000 230,(100 
53 7,000 24.5 21.6 26.0 24.4 
\ 
28.0 I 25 .4 8 hrs. 13,700 234,000 54 10,000 19.4 16.1 22.7 20. 0 17.5 I 17 .8 8 hrs. 2,700 580,000 
56 9,6()0 I 28.5 27.3 29.8 27.5 / 5 hrs. 13,700 42,000 57 30,250 29.5 26.0 32.5 29.5 I 30.0 I 28.0 I 8 hrs. 770,000 2,900,000 60 116,000 / 28.5 28.0 28.8 27.0 22.6 I 24 .3 8 hrs. 2,275,000 15,100,00n 
61 25,500 I 17 .6 19.4 9.8 9.5 7.0 I 7.8 8 hrs. 5,450 40,000 62 19,550 I 21.8 21.2 17. 5 17.2 8 hrs. 68,500 3,400,000 63 17,5()0 25.8 25 .0 I 
30.5 27.0 
i I 
6 hrs. 78.500 4,215,000 
67 5,150 I 24.4 23.5 21.5 20.5 8 hrs. 3,500 90,000 65 11,400 28.0 25.5 23.7 I 24 .0 8 hrs. 955,000 7,300,000 
f-t. 
o 
<:.n 
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the exposure. The data indicate that sunlight has a definite 
influence on the bacterial content of milk exposed to it and 
that the difference in the bacterial content of milk exposed in 
brown bottles and that exposed in ordinary bottles is not entirely 
due to the higher temperature of the former. 
INFLUENCE OF SUNLIGHT ON THE APPEARANCE OF MILK 
'Whole milk exposed to sunlight changed rather quickly by 
t<lking on a chalky, dead white appearance. rfhis change in 
color was constantly observed in a great many trials and was 
definite enough so that by means of it alone exposed milk could 
be readily told from unexposed. There was a good deal of 
variation among different samples in the time required for a 
definite color change to take place. The highly colored samples 
stcured during the months of abundant pasture seemed to re-
quire a longer time for a pronounced change in appearance 
n.an did the lighter colored samples. The intensity of the sun-
light was another factor that seemed to be responsible for varia-
tions, since milk from a certain herd seemed to undergo a pro-
llounced color change more quickly one day than it did the next. 
Brown bottles entirely prevented the change in the appear-
ance of the milk when exposed to sunlight. 
In order to determine whether or not th.e change in the appear-
ance of the milk on exposure to sunlight was due to action on 
the fatty or the non-fatty constituents of the milk, a considerable 
number of exposed samples of milk and, for comparison, their 
unexposed checks, were churned. The fat that gathered in the 
exposed milk was practically always definitely whiter in color, 
and usually the difference was very pronounced. The difference 
seemed to be greater with the lighter colored fat secured when 
the cows were on winter feed than with the highly colored fat 
obtained when the animals were on pasture. 
, Vhen milk was exposed in brown bottles and then churned, 
the fat that gathered showed no change in color. 
Small lots of cream exposed to sunlight in ordinary bottles 
were churned, as was also, for comparison, cream fom the same 
lot that had not been exposed. While a definite change in color 
was usually observed, the difference between the fat from the ex-
posed and that from the unexposed cream did not seem to be as 
great as with the exposed and unexposed samples of milk. In 
one trial cream that had been homogenized (120 0 to 1300 F., 
50 K g.) was churned after a part had been exposed to sunlight 
and a part held unexposed. 'While there was a definite differ-
elice between the fats from the two portions, both lots were 
v(;ry light colored, altho the cream came from cows on full 
pasture. The light color was presumably due to the inclusion 
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of considerable protein ,vhen the small fat globules of the 
homogenized cream gathered. 
The greater difference in the color of the exposed and the 
l!nexposed fat when light colored milk was used than when 
highly colored milk or cream was used was undoubtedly the 
result of more than one factor. 'l'he highly colored milk and 
cream were probably not as readily penetrated by light and, 
in addition, a certain amount of action on the color was not 
as evident in the presence of considerable color as in the pres-
ence of only a small amount. 
VARIATIONS IN THE DEVELOPMENT OF TALLOWINESS 
Considerable variation was observed in the development of 
tr: llowiness. Altho a part of the variation could be ascribed 
to differences in the intensity of the sunlight, there seemed to 
be some other factors of importance. 
The stage of lactation was suggested as an explanation of the 
variations observed in the development of tallowiness, because 
of the physical and chemical changes that occur in milk as lac-
tation advances [Eckles and Shaw (2 ) J. A number of animals 
were accordingly selected, some of which had recently freshened 
while others were advanced in lactation, and their milk was 
exposed under conditions suitable for the rapid development of 
tallowiness. Examinations of the samples after varying periods 
showed that it was a low percent of fat in the milk instead of 
H definite stage of lactation that was correlated with a rapid 
development of tallowiness. In one or two instances, however, 
an "off" flavor not definitely tallowy was quickly produced 
in samples of milk rich in fat, but from cows advanced in lac-
tation. 
Another set of tests was made in which the extent of ta11ow-
iness after various times was recorded and the percent of fat 
in the milk determined by the Babcock method. Table V gives 
a part of the results secured. 'l'he data show that a definite 
"off" flavor after an exposure of ten minutes occurred in gen-
eral with milk low in fat, but not with milk high in fat and 
that after an expo ure of seven hours a very tallowy flavor was 
correlated with a low fat content. The results suggest that 
sunlight has a greater influence on the flavor of milk when it 
has a low fat content than when it has a high fat content. 
In a large number of tests very small amounts of sterilized 
commercial lactic acid were added to milk and the rate of 
d0velopment of tallowiness, as compared to controls, determined. 
The lactic 'acid used, even when the proportion was only one 
part to 2,500, gave milk exposed to the sunlight a distinct flavor 
that made it possible to pick out the treated samples. However, 
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TABLE V-INFLUENCE OF THE PERCENT FAT IN MILK ON THE 
DEVELOPMENT OF A TALLOWY FLAVOR 
Milk 
Cow No. 
161" 
296 
305 
373" 
~99 
Cow No. 
161" 
305 
358 
373!' 
399 
"Off" 
,Uter an Exposure of T e n Minutes 
in Flavor Milk not "Off" 
Percent Fat Cow No. 
2.9 249' 
3.8 290 
2.0 298" 
3.4 342" 
2.9 356" 
3.0 Ave. 
_<\.fter an F ..... XpOSUl e of Seven Hours 
Percent Fat 
2.9 
2.0 
2 .7 
3.4 
2.9 
2.78 Ave. 
Cow No. 
249' 
290 
296 
298" 
342*· 
3:)6** 
in Flavor 
Percent Fat 
3.6 
4.9 
5.4 
4 .1 
5.55 
4.71 Ave. 
Percent Fat 
3.6 
4.9 
3.8 
5.4 
4.1 
5.55 
4.56 Ave. 
we acw dId not seem to have consistently any important influ-
ence on the development of tallowiness, altho in a considerable 
number of tests the treated samples were thought to be more 
tallowy than the checks. 
Capped and uncapped bottles were compared in a number of 
trials as to the rate of the development of tallowiness in the 
contained milk when exposed to the sunlight. In general the 
milk in the uncapped bottles seemed to develop tallowiness 
l'Uore quickly and it was also m6re pronounced. When the 
bottles were only partly full, however, the difference seemed to 
be insignificant; this was presumably due to the conditions in the 
two bottles as regards exposure to air being essentially the same. 
'('he results indicate that exposure to air apparently has some 
iLlluence on the development of tallowiness. 
TIME REQUIRED TO DEVELOP TALLOWY FLAVOR IN MILK 
In milk exposed to sunlight in ordinary bottles there was 
usually an abnormal flavor before definite tallowiness was evi-
dent. A flavor that was distinctly "off," altho not tallowr, 
was present in certain samples after exposures as short as ten 
minutes; in other cases an "off" flavor was not evident even 
after two hours' exposure, and all gradations between these 
extremes were encountered. A definitely tallowy flavor was ob-
sprved after an exposure as short as 45 minutes and a number of 
samples Were quite tallowy after one hour. With other samples 
a definite tallowiness was not evident even after eight hours, 
altho an "off" flavor was present. 
'Milk salty. 
"Cow advanced in lactation. 
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The shape and size of the container used may have an influ-
ence on the length of time required for the development of ab-
normal flavors by sunlight, but there are other factors already 
mentioned which seem to be of sufficient importance to outweigh 
the influence of containers. The presence of an unusual flavor 
in milk, such as a salty flavor, probably masks, to a certain 
extent, .at least, the flavors developed as a result of exposure to 
sunlight. 
PERSISTENCE OF THE TALLOWY FLAVOR 
Altho the extent of tallowiness in a sample of milk at dif-
ferent times is difficult of determination, it seemed from the 
trials made that the tallowy flavor decreased when tallowy sam-
ples were held in storage at a low temperature for a number of 
hours. The samples, however, always showed some tallowiness 
after storage. 
The fat gathered from milk or cream exposed to the sunlight 
in ordinary bottles always was decidedly tallowy; after such 
s<1mples were held for considerable periods at low temperatures, 
the tallowiness was still very pronounced. 
DISCUSSION OF RESULTS 
The results presented show the influence of sunlight in pro-
dueing abnormal flavors in milk and cream, and have their 
practical application in proving to the consumer, who is inter-
(sted in securing products of good flavor , the importance of 
protection from sunlight even during the coldest months, when 
the necessity of holding in a refrigerator does not seem to be 
a& great as in the warm season. In many cities and towns 
it is very common to see bottles of milk and cream standing 
on the porches for considerable periods, fully exposed to sun-
light; the data presented prove that this is practically certain 
to result in abnormal flavors. It seems advisable, when the 
milk or cream cannot be cared for soon after delivery, to have 
it left by the delivery man in some place where the sunlight 
cannot strike it, such as in a special covered box or under a 
blanket. 
-While brown milk bottles effectively prevent the development 
vf abnormal flavors by sunlight, their use cannot be advocated 
because, aside from the usual objection of their making it im-
possible to see the cream line and sediment, they increase the 
temperature of the milk. Milk in brown bottles usually shows 
a bacterial content considerably higher than milk of the same 
lot in ordinary bottles; this is, of course, in part due 'to the 
higher temperature in the brown bottles, but the data secured 
suggest that it is also in patt due to the action of light in keep-
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ing down the bacterial content in the ordinary bottles. The ac-
tion of light seems to be of importance because, first, the differ-
ence in the bacterial content between milk exposed in brnwn 
bottles and that exposed in ordinary bottles is often too great 
ie/be explained by the difference in temperature alone, and 
second, milk exposed in ordinary bottles has a lower bacterial 
content than milk standing beside it in the same type of bottle 
but protected from the sunlight, altho the latter has the lower 
temperature. 
CONCLUSIO.NS 
1. Sunlight had a pronounced influence on the flavor of milk 
and cream; with sufficient exposure a definitely tallowy flavor 
was produced and with less exposure a distinct" off" flavor de-
veloped. Sunlight was observed to produce an abnormal flavor, 
sometimes tallowy and sometimes not, in other dairy products, 
such as ice cream, evaporated milk, skim milk and starter. 
2. Abnormal flavors developing in dairy products as a result 
of exposure to sunlight were prevented in the liquid products 
by brown glass bottles. 
3. The temperature of milk exposed to the sunlight in brown 
bottles was considerably higher than that exposed in ordinary 
bottles. 
4. Milk exposed to sunlight in brown bottles had a higher 
bacterial content than milk exposed in ordinary bottles. 'l'his 
was in part due to the higher temperature of the milk in the 
I;rown bottles. 
5. ·When there was an increase in acidity in milk exposed 
in ordinary and brown bottles, the increase was generally greater 
in the brown bottles. 
6. Sunlight had a definite influence in keeping down the 
bacterial content of milk exposed to it in ordinary lloUles. This 
explains in part the much higher bacterial content of milk ex-
posed in brown bottles than of that exposed in ordinary bottles. 
7. The exposure of whole milk to sunlight in ordinary bottle;; 
resulted in a change of· the milk so that it had a chalky, dearl 
white appearance, but this did not occur when milk was exposl'o 
in brown bottles. 
S. Milk or cream that had been exposed to sunlight in ordinary 
bottles yielded a much lighter colored fat than milk or cream 
from the same lot unexposed. 
9. Light had a greater influence on the flavor of milk having 
a low fat content than on that having a high fat content. 
10. Small amounts of commercial lactic acid did not seem 
to have consistently any important influence on the development 
of tallowiness, altho in a considerable number of tests the 
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treated samples were thought to be more tallowy than the checks. 
11. Exposure to the air apparently had some influence on 
the development of tallowiness. 
12. "Off" flavors were observed in certain samples of milk 
after an exposure of only 10 minutes, while definite tallowiness 
was observed with exposures as short as 45 minutes. 
13. The tallowy flavor in milk exposed to sunlight in ordinary 
10ttles apparently decreased somewhat as a result of storage 
at a low temperature, but it never entirely disappeared. A tal-
lowy flavor that developed in fat as a result of exposure of 
the milk or cream from which it was churned, did not disappear 
0n holding. 
14. The consumer who is interested in securing milk and cream 
of good flavor should make some provision for the protection 
of these products from the sunlight, if they cannot be cared 
for soon after delivery. 
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